INTRODUCTION
Temperature preferences are predicted to occur in insects due to homeostatic considerations. Enzymes should be adapted to function optimally within the narrow range of temperatures encountered by an organism during its peak activity periods (Heinrich, 1981) . In ectotherms adapted to function optimally at low temperatures (e.g., living at higher latitudes or higher elevations), their biochemical machinery becomes inactivated or denatured at high temperatures. Conversely, those adapted to function optimally at high temperatures (e.g., living in the tropics or at lower elevations), experience reduced rates of biochemical activity at lower temperatures. Optimality theory predicts that ectotherms which habitually encounter temperature gradients should have the physiological and behavioral adaptations necessary to detect and respond to those gradients.
A temperature gradient which fluctuates with daily and seasonal changes in solar radiation exists in the soil. This gradient is used by ground-nesting organisms to achieve some thermoregulatory homeostasis: they can move up and down their burrows to avoid temperature extremes, especially those occurring near the soil surface.
Superimposed on this temperature gradient is a moisture gradient, because the higher temperatures reached at the soil surface during the day promote evaporation. Ants which nest in the soil are known to respond to the temperature/humidity gradients in the soil, and this response is particularly noticeable by the movement of brood among the various nest chambers (Ceusters, 1977; Seeley and Heinrich, 1981) . Our research has focused on the responses of four species of fire ants to these soil gradients" elsewhere we (Potts et al., Psyche [Vol. 92 1984) examined their responses to humidity gradients in the absence of superimposed thermal gradients, and here we examine their responses to temperature gradients in the absence of superimposed humidity gradients.
Numerous variables have been reported to alter temperature preferences in insects: age, sex, desiccation, hunger, rearing and maintenance temperatures prior to experiments (Deal, 1941; Madge, 1965) , relative humidity (Gunn and Cosway, 1938; Deal, 1941) , aggregation (Henson, 1960) , and experiment duration (Deal, 1941; Ferguson and Land, 1961) . In this study treatments consisted of three acclimation temperatures and two experimental relative humidities.
Temperature preferences have been previously investigated in only a few species of ants. Furthermore, the results obtained from most of those studies (Herter, 1923 (Herter, -1925 Hertzer, 1930; Bodenheimer and Klein, 1930: all cited in Deal, 1941) are either inconclusive or the reliability of the measurements are suspect. Although Deal's (1941) 
MATERIALS AND METHODS
The position to which an insect will move in a thermal gradient indicates its preferred temperature. Orientation and movement in the gradient are stimulated by reactions of avoidance, attraction, or a combination (Deal, 1941) . Extensive literature exists on preferred temperatures of terrestrial arthropods (see Bull and Mitchell, 1972; Fraenkel and Gunn, 1961; Mori, 1961; Protomastro, 1973; Singh et al., 1967 ; and citations contained therein, particularly Deal, 1941) . Two types of devices are generally used in these investigations:
alternate chambers with temperature ranges of only a few degrees, and a gradual gradient chamber (linear or circular). In either case the movement of individuals or the final distribution of a large number of insects is recorded as a measure of temperature preference.
Temperature is not the only variable in a temperature gradient apparatus. For a review of devices and associated problems, see Fraenkel and Gunn (196 l), Madge (1965) , and citations contained therein. In the present experiments, like Bull and Mitchell (1972), we attempted to reduce the effects of the non-temperature variables as identified by Madge (1961) by using: (a) a porous false floor, so that the substrate temperature would not differ significantly from the air temperature immediately surrounding it; (b) a large gradient chamber to promote microclimatic stability; and (c) atmospheres as near 0% and 100% R. H. as possible to minimize the effects of moisture gradients on the ants' preferences.
A linear temperature gradient apparatus, slightly modified from that of Bull and Mitchell (1972) , was used for the studies (Fig. l) one in 1.5 cm dead air space, and one below), which were used as "condensate wipers" (Fig. B-12 (Fig. B-14 (Fig. A-9 ). Preliminary studies indicated that ants given less than two hours would not settle into a clump; therefore, the ants were allowed at least two hours to move the brood and settle. The temperature where the ants settled was recorded at the termination of each experiment. Like Brian (1973), we found that pheromones left by the ants attracted conspecifics during the following trials: This interference was eliminated by exposing the substrate to light (lid of chamber removed) from a Sylvania Black Light Blue Fluorescent Lamp, FI5T8/BLB, at a distance of 30 cm for at least one hour after each trial. After exposure to U.V. light, the chamber was resealed and allowed to equilibrate (humidity and temperature) for at least one hour.
Control trials differed only by having a constant temperature throughout the test chamber (22 + IC). The number of replications and the number of colonies used per species varied, depending on the number of brood tending ants which could be obtained (Table 1) .
To determine if the ants showed any preferences during control trials, the Kolmogorov-Smirnov test was used (Siegel, 1956 
DISCUSSION
The ability to react rapidly to temperature gradients by the four species of fire ants, and the effect of relative humidity on this response have obviously been shaped by strong selective pressures. In all intraspecific pair-wise (with respect to acclimation) comparisons possible, ants at 0% R. H. had a lower temperature preference by about 3-4C with respect to those at 100% R. H. Each experimental trial lasted a minimum of two hours, indicating that the ants can perceive and respond to the lower, but constant, relative humidity despite the superimposed temperature gradients in a relatively short period of time. This reaction time is not totally unexpected given that ants can dehydrate quite rapidly. Studies on humidity preferences of the same four species of fire ants, in the absence of superimposed temperature gradients (Potts et al., 1984) , revealed that broodless worker ants failed to make scorable choices in a humidity gradient, whereas brood-tending workers always preferred near-saturated relative humidities. When tested at 22C, this response of negative hydrokinesis required up to 24 hours to become expressed.
These ground-nesting ants build mounds to variable extents depending on soil texture and moisture levels. The soil profile has a thermal gradient which varies with daily and seasonal cycles of insolation. Relative humidity at any given depth in the ant tunnels is influenced by the soil moisture and the temperature at that level. shifting the seasonal peak of reproduction, and the daily peak of foraging, the ants can avoid the extremes in temperature and relative humidity which are detrimental to their survival. The differences in the ecogeographic distribution of the four species of fire ants studied can not be explained simply by differences in their responses in a temperature gradient. Interspecific comparisons among species indicate that the most xeric species, S. aurea, has the lowest preferred temperatures at both 0% and 100% R. H. The two mesic species, S. geminata and S. invicta, follow in that order, respectively. The widespread species, S. xyloni, has the highest preferred temperature at both 0% and 100% R. H., and it also showed a significant acclimation effect. Ants acclimated at 32C had the lowest preferred temperatures, followed by those acclimated at 12C and 22C, respectively. These results suggest that ants held at 32C might have been under some type of water stress, and that the brood-tending workers of S. xyloni responded faster to this environmental factor than the brood-tending workers of the other species. Perhaps this faster response time to the needs of the brood is correlated with the broader ecogeographical distribution of S. xyloni.
Comparison of the temperature preferences of fire ants with those of other ant species have limited value because of the paucity of data, and the differences in experimental protocols. The only previous study in which both moisture gradients and effects of pheromones (from earlier experimental trials) were adequately controlled was that of Brian (1973) 
